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YALE UNIVERSITY
OSBORN BOTANICAL LABORATORY
NEW HAVEN, CONNECTICUT

January 13, 1947.
Lear Prof. Boivin-

Prof. Tatum and I have read your provecative letter with
deepest interest. We hope that you shall be able to resume your
researches with despatch, and that you will be kind enough to
let us know how things are going.

As our publication in Nature suggests, we are under the
conviction that the new types which we have found in bacterial
mitants are the result of a process of gene recombination, rather
than a transfer of genetic material through the medium, as you
demonstrated for the antigenic characters of coli Cl and C2.

We designate our strains by various symbols according to mkk
whether they are (+) or are not (-) capable of synthesizing various
growth factors, such as: biotin (B); methionine (li); threonine (T)
leucine (I); thiamin (B;); phenylalanine (f); proline (P); cystine
(C), etc. There are also the characters of lactose fermentation
(Lac) and of resistance %o the bacteriophage T1 (7T). In this
letter we hope to elaborate some of the reasons for the convictiong
that gene recombination occurs:

If young (6-hour) cultures of B-M-T+L+By+ and of B+i+T-1-B; -

AXTXZXFNR ( grown separatelg in nutrient broth) are washed with
water, mixed, and about 1l0¥ cells are plated into minimal agar,
(containing no growth factors) 100 colonies of protwtrophs
(B+M$T$L+Bl+) appear the next day. These prototrophs are stable
and we have good reason to believe that they are indeed a new
cell type. Therefore, within a few hours after the mutant cells
are mixed, prototrophic cells must occur, which then form colonies
in the minimal agar. Ve have looked for transforming factors in
minimal medium in which washed cells have heen suspended for 3-4
hours, by simply removing the cells substantially by centrifugation.
Kothing was found in the medium; only by mixing the cells with
the otrer mutant type could prototrophs be obtained. bimilar
negative results have been obtained with the use of extracts pre-
pared in the manner you described.(These were simply the crude auto-
lysate, freed of the mutant cells by centrifugation, anu aaded
into agar with the other mutant types) Other indirect evidence .
that transformstion plays no role under our experi:ental sonditions
is the following:
1. Comparisons of the relative number of prototrophs anc
types such as B+M+T+I1-1_+. The former are much more frequent
(10X™) If these are to te accounted for by transformztion, it
would mean that the three factors T-,L-,B;- are more often
transformed all at once thah simply two factors such as T- &nd By-.
2. The occurrence of types such as B-j+I+L-By+. If this
came from B-l-T+L+B,+, it would mean that M- became N+, and that
I+ becume L-. llany comparable types have been obtained, leading
+5 the conclusion that if transformation occurs, it can change
a factor from - to +, oxr from + To ~--.
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3. A limited nurber of experiments where a mixture of three

types was used, such as: B+T-L- & B-T+l- & B-T-I+. On the
transformation theory, one would expect to find B+T+L+ in

such & mixture. This has not been found. On the gene-recpmbination
theory, cells would react two at a time: leading to the

types: B+T+L-, B+T-I+ and B-T+IL+, but not to B+T+I1+.

Pzrticularly on the basis of the above experiments, we have
been led to the belief that gene recombination does occur in
our material. Ve are pursuing an attempt to discover conditions
for transformation, but have so far been unsuccessful,

For the understanding of the genetic basis of bacterial
'mutztions dirigéesd' it would be extremely interesting to
observe the results of the following types of experiments
using bilochemical mutants of appropriate strains such as Cl
and C2. Iet X be the biochemical factor.

Transform(C2R-X-) to ClS.. with an extract of ClB-X+ .
This would establish the scope of transformation, by examining
the C1S that were obtained as to X- or X+. It woulda. also
provide information of the transformation of independent factors.
Transform(C2R-X+) to C1lS.. with an extract of ClS-X-.
This would provide critical evidence as to the possibllity of
mutant gehes directﬁd the mutation of other genes to the same
state. ™

If these genetic problems are of interest to you, we
should be happy to be of any service that we can in their eluci-
dation, in any manner that you may care to sugszest.

With best regards from Frofessor Tatum,

Sincerely yours,

Joshua Lederberg.



